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ABSTRACT 


This  report  contains  propellant  test  results  from  cartons  of  TP-H1011 
bulk  propellant  representing  LGM-30F  and  6  First  Stage  Minuteman  Motors. 
This  report  uses  a  statistical  approach  to  analyze  the  bulk  carton  pro¬ 
pellant  data.  Testing  was  accomplished  in  accordance  with  MMHRBA  Project 
M34929C. 

The  data  from  this  test  period  are  combined  with  data  from  previous 
testing  and  entered  into  the  G085  Computer  for  storage,  analysis,  and 
regression  analysis.  From  the  statistical  analysis  of  all  data  tested 
to  date  (sixteen  years  for  F  &  G) ,  significant  degradation  of  the  pro¬ 
pellant  does  not  appear* likely  for  at  least  two  years  past  the  oldest 
data  point. 

Each  point  on  the  regression  plot  represents  the  mean  of  all  s&mples 
at  that  particular  age.  The  number  of  samples  at  each  point  is  indicated 
on  the  sample  size  summary  sheet  on  the  page  accompanying  each  regression 
plot  or  group  of  regression  plots.  The  data  range  at  any  age  can  be  found 
by  suitable  inquiry  of  the  G085  System. 
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GLOSSARY  OF  TERMS  AND  ABBREVIATIONS 


A  change  in  properties  or  performance  resulting 
from  aging  of  material  or  component 

Cross  Sectional  Area 

Dogbone 

Gradual  deterioration  of  properties  or  performance 

Modulus  (psi) ,  defined  as  stress  divided  by  strain 
along  the  initial  linear  portion  of  the  curve. 

End  Bonded 

Effective  Gage  Length 
Strain  at  maximum  stress 
Strain  at  rupture 

The  ratio  of  the  variance  accounted  for  by  the 
regression  function  to  the  random  unexplained 
variance.  The  regression  function  having  the 
most  significant  "F"  ratio  is  used  for  plotting 
data.  The  ratio  is  also  used  in  detecting  signi¬ 
ficant  changes  in  random  variation  between 
succeeding  time  points 

Joint  Army,  Navy,  NASA,  Air  Force  Committee 

Propellant  Lab  Section  at  Ogden  Air  Logistics  Center 

Ogden  Air  Logistics  Center,  Air  Force  Logistics 
Command 

The  Correlation  Coefficient  is  a  measure  of  the 
degree  of  closeness  of  the  linear  relationship 
between  two  variables 

The  general  form  of  the  linear  regression  equation 
is  Y  •  a  +  bx 


Line  representing  mean  test  values  with  respect 
to  time 

Standard  error  of  estimate  of  the  regression 
coefficient 
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Se  or  SYtX 

Sm 

Sr 

Standard 
Deviation  (Sy) 

Strain  Rate 

"t"  test 

Variance 

3  Sigma  Band 

90-90  Band 

Significant 


Standard  deviation  of  the  data  about  the 
regression  line 

Maximum  Stress 

Stress  at  rupture 

Square  root  of  variance 


Crosshead  speed  divided  by  the  EGL 

A  statistical  test  used  to  detect  significant 
differences  between  a  measured  parameter  and  an 
expected  value  of  the  parameter  (determines  if 
regression  slope  differs  from  zero  at  the  95% 
confidence  level) 

The  sum  of  squares  of  deviations  of  the  test 
results  from  the  mean  of  the  series  after  divi¬ 
sion  by  one  less  than  the  total  number  of  test 
results 

The  area  between  the  upper  and  lower  3  sigma 
limit.  It  can  be  expected  that  99.73%  of  the 
inventory  represented  by  the  test  samples  would 
fall  within  this  range  assuming  that  the  popu¬ 
lation  is  normally  distributed. 

It  can  be  stated  with  90%  confidence  that  90%  of 
the  inventory  represented  by  the  test  samples 
would  fall  within  this  range  assuming  that  the 
population  is  normally  distributed 

As  used  in  the  statistical  sense,  means  a 
difference  unlikely  to  have  been  the  result  of 
random  sampling  from  some  specified  population. 


INTRODUCTION 


A.  PURPOSE: 

Laboratory  testing  has  been  performed  for  sixteen  years  on  First  Stage 
LGM-30F  and  6  Minuteman  Motor  Propellant  blocks  to  evaluate  the  effects  of 
aging  on  TP-H1011  propellant.  This  report  contains  those  tests  conducted 
on  propellant  as  instructed  in  MMWRBA  Test  Directive  GTD-1C,  Amendment  2, 
LGM-30  First  Stage  Operational  Propellant  Laboratory  testing. 

Statistical  analysis  of  the  data  from  tests  performed  will  provide 
early  warning  if  serious  degradation  trends  develop.  Annual'  evaluation 
of  the  propellant  provides  data  for  input  into  engineering  reliability 
analysis  for  service  life  predictions. 

B.  BACKGROUND: 

LGM-30F  and  G  testing  was  started  in  1966  with  phase  testing  at  24  month 
intervals  (Report  Numbers  78  -  Zero  time;  104,  162,  185  -  Phasel;  176,  239, 
257  -  Phase  II;  271  -  Phase  III).  Report  number  257  was  the  first  time  that 
LGM-30F  and  G  data  were  statistically  analyzed  separately  from  LGM-30  A  and 

l 

B  data.  The  present  report  is  a  continuation  of  testing  and  statistical 
analysis . 

Zero  time  testing  for  LGM-30  A,  B,  F  and  G  was  started  as  soon  as  pos¬ 
sible  after  receipt  of  the  propellant  by  MANPA.  Data  from  these  tests  were 
used  to  establish  a  baseline  for  each  test  parameter. 

The  LGM-30F  and  G  propellant  test  matrix  (Table  1)  is  used  to  determine 
the  number  of  specimens  to  be  taken  from  each  propellant  loaf  and  the  spe¬ 
cific  test  or  tests  to  which  these  specimens  are  to  be  subjected.  Very  low 
rate  and  low  rate  tensile  specimens  are  taken  on  all  L&1-30F  and  G  blocks. 
Specimens  for  other  physical  and  combustion  tests  are  taken  from  every  third 


LGM-30F  and  G  block 


Low  Rate  and  Very  Low  Rate  Tensile  tests  are  performed  on  all  blocks. 


STATISTICAL  APPROACH 


In  order  to  determine  aging  trends  for  shelf/service  life  predictions, 
as  directed  by  Service  Engineering,  First  Stage  LGM-30  F  and  G  Minuteman 
TP-H1011  propellant  blocks  have  been  undergoing  testing  since  1966,  statis¬ 
tically  analyzed  and  reported  on  a  regular  test  cycle  by  this  laboratory. 

The  primary  reason  for  performing  statistical  analysis  on  test  data  is 
for  the  detection  of  propellant  changes  due  to  aging  that  would  affect  motor 
reliability.  Regression  analysis  was  the  method  used  to  examine  data  and 
to  aid  in  drawing  conclusions  about  dependency  relationships  that  may  exist 
i.e.,  relationship  between  age  versus  test  results. 

In  selecting  the  best  fit  model  for  the  regression  equation,  the  linear 
model  Y  *  a  +bX  was  found  to  be  the  best  fit  model  for  the  regression  plots. 

Individual  data  points  from  different  time  periods  were  used  to  estab¬ 
lish  a  least  squares  trend  line  for  the  data.  The  variance  about  the  regres¬ 
sion  line,  obtained  using  individual  values  of  the  dependent  variable,  was 
used  to  compute  a  tolerance  interval  such  that  at  the  90%  confidence  level 
90%  of  the  sample  distribution  falls  within  this  interval.  This  tolerance 
interval  was  extrapolated  to  a  maximum  of  2k  months  into  the  future  froe 
age  of  the  oldest  motor  tested.  The  't*  value  and  the  significance  of  this 
statistic,  which  are  reported  for  each  regression  model,  give  an  indication 
of  the  "statistical  significance"  of  the  slope  of  the  trend  line  as  compared 
to  a  line  of  zero  slope.  When  a  regression  slope  is  indicated  to  be  signifi¬ 
cant,  it  should  be  noted  that  the  slope  of  the  regression  line  is  significant 
from  a  statistical  standpoint  and  it  is  an  indication  that  a  change  over  time 
is  occurring,  but  does  not  necessarily  mean  that  the  indicated  change  in  the 


value  obtained  during  testing  is  significant  in  regards  to  motor  operational 
performance.  In  a  few  cases,  this  small  change  has  become  the  apparent  trend 
in  data  variance  and  regression  line  trends.  However,  the  changes  are  grad¬ 
ual  and  no  operational  problems  are  expected  at  this  time. 

The  data  were  plotted  by  computer.  The  'y'  axis  is  computed  so  that  the 
values  at  one  inch  intervals  are  peculiar  to  the  data  spread  of  the  parameter 
tested.  Plotted  data  points  represent  means  at  the  particular  ages  at  which 
testing  occurred.  The  number  of  specimens  at  each  age  point  is  indicated  on 
the  sample  size  summary  sheet  accompanying  the  regression  plot.  Variance  at 
each  test  age  can  be  determined  by  consulting  the  G085  data  storage  system. 

A  regression  summary  of  all  test  parameters  is  included  in  Table  2. 

The  direction  of  the  regression  trend  lines  are  also  indicated  in  Table  2. 

The  slopes  that  are  "statistically"  not  significant  from  a  line  of  zero 
slope  are  labeled  as  such  and  are  not  included  in  this  report. 


TEST  RESULTS 


VERY  LOW  RATE  TENSILE: 

Very  low  rate  regressions  show  a  statistically  significant  decrease 
for  strain  at  maximum  stress  and  strain  at  rupture.  The  stresses  and 
modulus  show  a  statistically  significant  Increase  (Figures  1  thru  5) . 

The  trends  are  gradual  for  the  respective  regressions  and  no  operational 
problems  from  the  propellant  are  expected  for  at  least  two  years  beyond 
the  last  test  date. 

LOW  RATE  BIAXIAL  TENSILE: 

The  strain  at  maximum  stress  regression  shows  no  significant  trend 
direction  with  the  strain  at  rupture  showing  a  statistically  significant 
decrease.  The  stresses  and  modulus  show  a  statistically  significant 
Increase  (Figures  6  thru  9). 

LOW  RATE  TENSILE: 

Low  rate  tensile  regressions  show  a  statistically  significant  gradual 
decrease  for  strains  and  a  statistically  significant  Increase  for  stresses 
and  modulus  (Figures  10  thru  14) . 

HIGH  RATE  TRIAXIAL  TENSILE: 

The  strain  at  maximum  stress,  strain  at  rupture  and  modulus  regres¬ 
sions  show  a  statistically  significant  decrease.  Maximum  stress  shows 
a  statistically  significant  Increase.  Stress  at  rupture  shows  no  sig¬ 
nificant  trend  direction  (Figures  15  thru  18). 

HIGH  RATE  HYDROSTATIC  TENSILE: 

The  strains  show  a  statistically  significant  decrease.  The  stresses 
and  modulus  show  a  statistically  significant  increase  (Figures  19  thru  23) . 


TEAR  ENERGY: 


The  cohesive  energy  tested  at  180°F  and  a  CHS  of  0.002  in/min  shows 
a  non  significant  trend  direction. 

TENSILE  SUMMARY: 

The  test  data  regressions  show  that  the  strain  is  gradually  decreas¬ 
ing  and  the  stress  and  modulus  are  gradually  increasing. 

Based  on  the  analysis  of  test  data  regressions,  it  does  not  appear 
that  meaningful  degradation  is  occurring  at  this  time  and  no  operational 
problems  are  expected  in  the  propellant  for  at  least  two  years  beyond 
the  last  data  point. 

STRESS  RELAXATION  MODULUS: 

For  the  0.5Z  strain  at  -65°F,  the  regressions  for  data  at  10,  50,  100, 
and  1000  seconds  show  a  statistically  significant  increase  (Figures  24 
thru  27). 

At  -40°F,  the  10,  50,  and  100  second  regressions  show  a  statistically 
significant  increase.  The  1000  second  regression  shows  a  statistically 
significant  decrease  (Figures  28  thru  31) . 

The  3Z  strain  regressions  at  20°F,  77°F,  100°F,  140°F,  and  180°F  all 
show  a  statistically  significant  increase  (Figures  32  thru  51) . 

SOL  GEL: 

The  Z  extractables  and  density  slopes  are  not  significant  when  com¬ 
pared  with  a  line  of  zero  slope.  The  gel  swell  ratio  and  crosslink  den¬ 
sity  regressios  show  a  statistically  significant  increase  (Figures  52 
and  53). 

CONSTANT  STRAIN: 

A  statistically  significant  decreasing  trend  is  shown  (Figure  54) . 


' HARDNESS : 

Shore  A  10  second  hardness  shows  a  statistically  significant  increas¬ 
ing  trend  (figure  55) . 

SUMMARY  OF  SOL  GEL,  TENSILE,  AND  HARDNESS  DATA: 

The  crosslink  density,  constant  strain,  and  hardness  data  regressions 
correlate  well  with  the  tensile  data.  As  the  polymer  continues  to  cross¬ 
link,  the  strains  decrease  and  the  stresses  Increase. 

TCLE  (Thermal  Coefficient  of  Linear  Expansion) : 

The  TCLE  for  both  above  and  below  the  glass  transition  point  (Tg) 
shows  a  statistically  significant  Increasing  trend  (Figures  56  and  57) . 

TGA  (Thermal  Gravimetric  Analysis) : 

A  statistically  significant  Increase  is  shown  for  the  ignition  tem¬ 
perature  (9°C  rise/min),  and  weight  loss  at  ignition.  No  significant 
trend  direction  was  observed  for  wieght  loss  at  250°C  hold  (12  C  rise/ 
min  to  hold) ,  (Figures  58  and  59) . 

DTA  (Differential  Thermal  Analysis) : 

The  endotherm  and  first  and  second  exotherms  show  a  statistically 
significant  decreasing  trend  direction.  The  third  exotherm  and  ignition 
temperature  shows  a  statistically  significant  increasing  trend  direction 
(Figures  60  thru  64) . 

BURNING  RATE: 

The  burning  rate  shows  a  statistically  significant  Increasing  trend 


(Figure  65) . 


CONCLUSIONS 


Sixteen  years  of  aging  at  ambient  temperature  (77°F)  has  not  greatly 
changed  the  properties  of  the  propellant.  Some  test  parameters  indicate 
slight  aging  trends,  but  nothing  that  would  adversely  affect  the  opera¬ 
tional  characteristics  of  the  rocket  motor  propellant. 

From  the  statistical  analysis,  it  does  not  appear  that  significant 
propellant  degradation  is  occurring.  Based  on  sixteen  years  of  accumu¬ 
lated  data,  there  is  no  reason  to  suspect  that  properties  will  show  much 
change  for  at  least  two  years  past  the  last  data  point.  Therefore,  pro¬ 
pellant  reliability  should  not  change  appreciably  over  that  time  period. 
Since  failure  limits  are  not  available  for  the  parameters  tested,  this 
statement  is  based  on  the  fact  that  the  slope  of  the  regression  curves 
where  statistically  significant  are,  with  few  exceptions,  relatively  flat 
or  close  to  a  line  of  zero  slope  and  have  not  changed  appreciably  from 
the  last  test  period. 
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TABLE  2 

i 

X 

Regression  Summary 

-  ^ 

» 

Test  Parameter 

Slope 

Very  Low  Rate  Tensile 

Strain  at  Maximum  Stress 

- 

Maximum  Stress 

+ 

5 

Strain  at  Rupture 

- 

i  1 

Stress  at  Rupture 

+ 

* 

Modulus 

+ 

* 

Low  Rate  Biaxial  Tensile 

. 

Strain  at  Maximum  Stress 

NS 

r 

1 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

+ 

Modulus 

+ 

• 

■« 

Low  Rate  Tensile 

Strain  at  Maximum  Stress 

- 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

+ 

Modulus 

+ 

.. ' 

v 

High  Rate  Triaxial  Tensile 

V 

Strain  at  Maximum  Stress 

- 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

NS 

Modulus 

- 

s 

High  Bate  Hydrostatic  Tensile 

« 

Strain  at  Maximum  Stress 

- 

> 

Maximum  Stress 

+ 

Strain  at  Rupture 

- 

Stress  at  Rupture 

+ 

• 

Modulus 

+ 

Tear  Energy 

Stress  Relaxation 

.  •< 

-65°,  10  sec 

+ 

• 

-65°,  50  sec 

+ 

» 

-65°,  100  sec 

+ 

-65°,  1000  sec 

+ 

-40°,  10  sec 

+ 

-40°,  50  sec 

+ 

■  • 

-40°,  100  sec 

+ 

i  ■ 

-40°,  1000  sec 

-  10  - 

• 

» 

.  - ...  ---j 

—  -  -  --  - 

T  w  "  '  •”*’  ~  “ 
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TABLE  2  (cont) 

r 

i 

Regression  Summary 

—  * 

> 

r 

Test  Parameter 

Slope 

+20°,  10  sec 

+ 

+20°,  50  sec 

+ 

+20°,  100  sec 

+ 

■ 

+20°,  1000  sec 

+ 

\ 

s 

+77°,  10  sec 

+ 

+77°,  50  sec 

+ 

+77°,  100  sec 

+ 

+77°,  1000  sec 

+ 

■ 

+100°,  10  sec 

+ 

r 

+100°,  50  sec 

+ 

+100°,  100  sec 

+ 

+100°,  1000  sec 

+ 

+140°,  10  sec 

+ 

4 

+140°,  50  sec 

+ 

+140°,  100  sec 

+ 

+140°,  1000  sec 

+ 

- 

+180°,  10  sec 

+ 

* 

+180°,  50  sec 

+ 

T 

+180°,  100  sec 

+ 

►V 

+180°,  1000  sec 

+ 

* 

Sol  Gel 

Z  Extractables 

NS 

Density 

NS 

m 

Gel  Swell  Ratio 

+ 

2 

* 

Crosslink  Density 

+ 

► 

Constant  Strain 

- 

Hardness,  Shore  A,  10  sec 

+ 

> 

r  i 

Pressure  Time 

Not  tested  due  to  equipment  problems 

TCLE 

1  m 

Above  Tg 

+ 

> 

Below  Tg 

+ 

-  4 

TGA 

Ignition  Temperature 

+ 

Z  Weight  Loss  at  250° 

NS 

'  4 

} 

> 

Z  .eight  Loss  at  Ignition 

+ 

>  1 

► 

\ 

i 

i 

-  11  - 

> 

t- 

» 

t  .  ... 

TABLE  2  (cont) 
Regression  Summary 

Test  Parameter 


DTA 

Endotherm  1 
Exotherm  1 
Exotherm  2 
Exotherm  3 
Ignition  Temperature 

Burn  Rate,  1000  psi 


NS  ■  Not  Significant 
-  ■  Negative  Slope 
+  ■  Positive  Slope 


SUMMARY  *** 
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AGE  AT  TEST  (TEARS) 

TENSILE, STRESS  RT  RUPTURE,  CHS. 0.002  IN/HIN  TP-H1011 


TENSILE, MODULUS, CHS>0. 002  IN/MIN  TP-H1011 


***  SAHPLF  SIZH  SUMMARY  *** 
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AGE  AT  TEST  (TEARS) 
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This  sample  size  summary  Is  applicable  Co  figures  10  thru  14 
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MING  6,  L. R. TENSILE, STRAIN  RT  MAX  STRESS, CHS«2. 0  IN/MIN  TP-H10U 


HING  6, L.R. TENSILE, MAXIMUM  STRESS, CHS-2.0  IN/MIN  TP-H10U 


TENSILE. STRAIN  AT  RUPTURE. CHS-2.0  IN/MIN  TP-H1011 


TENSILE, STRESS  RT  RUPTURE, CHS-2.0  IN/HIN  T 


,oi*  isd  =  3ynsu3w  jo  iind 


smnoow  =  y3i3Wbywd 


WING  6. L.R. TENSILE. MODULUS, CHS-2.0  IN/HIN  TP-H10U 
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glD«9^C«;e«nM<K«Cal<N<44N« 

x  x  x  x  x  <T  <VJ  «•  x 


4ift«NC90'*Mn4t;iCr>cg>e«*Nn4ifl|CNc 


c«4Cc«9inpMnM'*c^*< 


n-Ktet^iMtsc 


®0'o»<N(n#iO'0^oB9lo«-wr?*irs«0'0^fain 

ooMMKM«^M«Mx!MMivi\i«Munivnnrin 


Ofuooc|'i?^co«jgiaiO(u«i\nOiOMiiio(\; 
•iMMMXMtMxKMCjnNiT-inir,  <c^n«*  x  x  x 


r^^ttJUir.wo'o^cvriviflw^ectf'O-'wrjvu.'  (C'*’ 

ICClKCtoVff  O  0  O  PQoOOOOoOoOO 


CNN'C(C'<KC9Nn£a)NM4(Cl0<C<r4^«irK 
i,iNN(on«<MyiM«!inwN<in»nn«««  cv  x  x  cm 


If.  ifi'C*\0«>C<C'C(0%,>CNNNNh-NNt.NNai®® 


«««*<irewioiv«iMVCui««)^«c<v««o 

—  nnN*«wr)Nn 


CMCV.*'-1  (Mx  —  C\i  — 


n^C'CNcao»«<\(',’^i«'CN®5'O»*c\;m#(0<0N 

mr.rimr,  <rin 


«MY#4NiCCCY<-0«0'Csnf" 

XX  X  X  ft!  X  <\l  X 


x  N  ♦  I  C  P) 

x  x  x  —  x  CJ 


xC9x(^P)#lfl\CNCO'exKl,)«in<NSOOx<vi 
xXxxXxXx  —  (Vog(ViftJ(MWfVJfVi<Vi<Mnnn 


This  sample  size  summary  is  applicable  to  figures  15  thru  18 


***  samplf  size  summary  *** 
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***  sample  size  summary  *** 
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This  sample  size  summary  is  applicable  to  figures  24  thru  27 
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WING  6. STRESS  RELRXRTIOH  M00ULUS,0.5%  STRRIN,100  SEC,-»t0  DEG  F,TPH-10U 


MING  6. STRESS  RELAXATION  MODULUS, 0.5Z  STRAIN, 1000  SEC, -40  OEG  F.TPH-1011 


***  SAMPLE  SIZE  SUMMARY  *** 
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This  sample  size  summary  is  applicable  to  figures  32  thru  35 


***  SAMPLE  SIZE  SUMMARY  *** 
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STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 10  SEC 
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0.00  4.00  8.00  12.00  16.00  20.00  24.00  28^00“ - 32.00 

AGE  AT  TEST  (TEARS) 

MING  6, STRESS  RELAXATION  MODULUS, 3.0%  STRAIN, 50  SEC,  20  DEG  F.TPH-lOll 


AGE  AT  TEST  (TEARS) 

STRESS  RELAXATION  MODULUS, 3. OX  STRAIN. IDO  SEC.  20  DEG  F.TPH-tOlt 


IG  6,  STRESS  RELAXATION  MODULUS.  3.  OX  STRAIN,  1000  SEC,  20  DEG  F,  TPH-1011 
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summary  is  applicable  to  figures  36  thru  39 


***  SAMPLE  SIZE  SUMMARY  *** 
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WING  6  #STRESS  RELAXATION  MODULUS,!. OX  STRAIN, 10  SEC,  77  DEG  F»TPH-IOH 


HING  6, STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 10  SEC.  77  OEG  F.TPH-10U 
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.00  4.00  8.00  12.00  16.00  20.00  24.00  28.00  32.00 

AGE  AT  TEST  (TEARS) 

WING  6, STRESS  RfLfWRTION  MODULUS, 3. 07.  STRAIN, 50  SEC.  77  DEG  F.TPH-10U 
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WING  6. STRESS  RELAXATION  H00ULUS.3.0X  STRAIN, 1000  SEC,  77  OEG  F.TPH-IOH 


***  SAMPLE  SIZE  SUMMARY  *** 
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This  sample  size  summary  is  applicable  to  figures  40  thru  43 


MING  6. STRESS  RELAXATION  MODULUS, 3.0%  STRAIN, 10  SEC, 100  OEG  F.TPH-1011 
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.00  4,00  8.00 12.00 16.00  20.00  24.00  28.00  32.00 

AGE  AT  TEST  (TEARS) 

MING  6. STRESS  RELAXATION  M00UI,US ,  3 .  OX  STRAIN, 50  SEC,  100  DEG  F,TPH-1QU 


MING  6. STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 100  SEC, 100  DEG  F,TPH-10U 


G  6, STRESS  RELAXATION  MODULUS. 3. OX  STRAIN. 1000  SEC 
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Thia  sample  size  summary  is  applicable  to  figures  44  thru  47. 
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WING  fi.STPES*  RF  LAX  ATI  CN  MCOULUS  ,S  «0X  STRAIN. 10  SEC. 140  OE  C  F.TPH-IOII 


G  6,  STRESS  RELAXATION  MOOULUS,,  3, 07,  STRAIN,  10  SEC,  140  DEG 
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WING  6, STRESS  RELflXRTION  M00ULUS,3.0%  STRAIN, 50  SEC,1«40  DEG  F.TPH-1011 


.STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 100  SEC, 140  DEG  F.TPH-1011 


WING  6. STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 1000  SEC, 1U0  OEG  F,TPH-101l 
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***  SAMPLE  SIZE  SUMMARY  **« 
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STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 10  SEC, 180  DEG  F.TPH-lOtl 
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IG  6, STRESS  RELAXATION  MODULUS. 3. 0Z  STRAIN. 100  SEC. 180  DEG  F.TPH-101 


ooo 

♦  I  ♦ 
bJUJIiJ 

incoo 

i--— — 

aoaoin  — 
r"cn  —  £ 

mom  F 
in  cu  to  ^ 
« r-CM  g 

CMr-CM  a 

♦♦♦  o 

Kill  ® 

fcf  •  W  X 

*  °<n<n  ♦ 


niiii  5 
-ouo-g 

uui_u.ii.cn. 


♦  0(30  2 

“«««  ■ 

+  11  IZ 

o 

— u_cc-*o 
in 

(MU.U_U.UJ 


UJUibJUJ  ^ 

o)auuu.„ 

(MZZZO| 

cocccca  F 
inauoin" 

O  UJ 

WU.U_U.UJo 

*  Z  2  Z  O  (7* 
’-OOOUJu‘ 

♦  HMWO 

tntncn  " 


X* 

% 


x 

x*x* 

X 


*  J< 
lx  * 


CM  —  —  „ 

3-000  a 
♦  i  +  2 

uiuiui  = 
cnooao  S 
cn— a* 
cor-r»  ^ 
acoo)  2 
inincomS 
mcnoooo;- 
cn  aoooF 
•  •  « a* . 
a*  cm  cm  Jr 

a  a  a  a 


x*gr 

x 

X 


00*0/L2  00*062  00*061  00‘OSl  00*011  OC 

ISd  =  3ynSB3W  30  UNfl 
smnaow  Noiibxyisu  =  ysiswyybd 


MING  6, STRESS  RELAXATION  MODULUS, 3. OX  STRAIN, 1000  SEC. 180  OEG  F.TPH-1011 
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STAGE  1.  WING  6,  TP-HlOtl,  SOL  GEL,  CROSSLINK  DENSITY 


***  SAMPLE  SIZF  SUMMARY  *** 
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STAC.F  I  MING  ft  TP-H  101  „  CONSTANT  STRAIN 


TP-H  1011  CONSTANT  STRAIN 


***  SAMPLF  SIZF  SUMMARY  *♦* 
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***  SAMPLF  SIZF  SUMMARY  *** 
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1011  SHORE  fl,  10  SECOND  HRRDNESS 


***  SAMPLE  SIZE  SJMMARY  *** 
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STAGF  1.  WING  S,  TP-HIOU*  THERMAL  COEFFICIENT  OF  LINEAR  EXPANSION  ABOVE  T5 


THERMAL  COEFFICIENT  OF  LINEAR  EXPANSION  ABOVE  TG 


STAGE  1.  WING  6,  TP-MIOU  THERMAL  COEFFICIENT  OF  LINEAR  EXPANSION  BELOW  TG 


***  SAMPLF  SIZF  SUMMARY  ♦** 
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STAGE  I  HING  6  TGfl  IGNITION  TEMPERATURE,  9  DEGREE  C  RISE/MINUTE 
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STAGE  I  MING  6  TGA  PERCENT  HEIGHT  LOSS  AT  IGNITION,  9  DEG  C  RISE/MIN 


**♦  sam°lf  size  summary  *** 
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This  sample  size  summary  is  applicable  to  figures  60  and  61. 


***  GAMRLF  StZF  SUMMARY 
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STAGF  1  WING  6.  TC-H  1011*  QTA,  FNCOTHFRM  1,  12  DEGREE  CFNTfC.PAOF  R  ISE/MCN 


STRGE  1  WING  6,  TP-H  1011,  OTA,  ENDOTHERM  l,  12  DEGREE  CENTIGRADE  RISE/MIN 


TP-H  1011.  DTfl,  EXOTHERM  1,  12  DEGREE  CENTIGRADE  RISE/MIN 


***  SAMPt  F  SIZF  SUMMARY  **♦ 


t 

z  < 

1/1 


u  w, 
o  s 

<  z 


a 
a  * 
z  < 

ir. 


IL>  (ft 

o  o 

<  z 


a 

U  X 
Z  < 

(ft 


(L  (ft 

w  c 

<  z 


a 
a  z 
z  < 

w 


u.  (/. 

c  c 

<  z 


c. 
a  z 

Z  «r 
(ft 


a>  (ft 
IS  L, 

<  Z 


a 

z 

< 


u:  y 

tf  £ 
z 


tetsf  (esoc  «  —  (f. 

M  ««  M  [T>  M  M 


♦  in  <ONCco»Nn<<oNco>OMN«ir/lCKo>e«« 
nnFinfrr,  ♦♦♦♦♦♦♦♦♦triTicifliftiftirif.  c«o 


ir*«MlTN«40  ftfKOICaOONN* 

-h  «  n  y  n  w  ♦  •*»*«<  it  n  <v  »* 


(HO-RiPlYY.  (flNC?O-NPl<Ki0F8ao«Nn 


«,*/if)(*‘<»-<v<>'iro,«»«v«cvrir^(U6C",n;n»<N(r«,p; 
*  h  «  «  i  rj  n  «  •«  f;  iT  1/1  c  8  ifw  ^  «•  — 


♦  u;  <u  r-  u.  g.  o  —  c^r»«’irw.r-u.y-0"*('<n<(f'UP-<t 
(LCCttdffO  O'  9  C  0  O'  O'  9  C  OCOOCOOOO 


c('.«rfff.'i£r'‘«^o-r-R4<Ki£«irei£ 

r  «  n  r  "i  -  (ii  r  «  n  n  t  «.  r:  «  K  r  «  -  im  «  r,  n  n  r 


oo  —  wm^i/i»cNxco  —  w(*i<'ir>CKCO'o*-(vM 
tf/  C  u.  £  ’Cvw'C'^hS^NNn^F-NKnNNCCOSCC® 


<u  —  vr  o 
f*  Pw  (V.  " 


r-  a,  V  u;  ->  o  ♦ 


v  o  c. 

♦ 


»8r*i/iro(;RO#:R 
r.  nw'^cvjpj^ctfrMR.’ 


♦  if’£R‘CCCO*»<vr  ♦tfiicNttoo-'^ft’^tf'OKy’ 

m  r.  p;  r,  n  r  <  «««<<*<<«icirifnr,  if  it  ic  if 


C.  «  if.  ^  N  5  P  If  R  *  I  ♦  R1  f.  6  O  5  i  f-'  J  t  ^  "  f:  " 
T  —  —>  r.’  —  •<  f  C“  (V*  W  "* 


«oc‘'<n'»tf)'£Ncoo-A!*)«tf.  <cn«oo-c'  rn 

—  R,  R1  R(  R'  R  R|  Rl  R  (V  R'  R.  n 


-  108  - 


z 

N 

tfJ 

(ft 


u: 

o 

< 

% 

b 

Z 

IL 

u 

fc: 

8 

u. 

c 


a 

i 

c 

X 

u. 


I 

a 

R- 


c 

z 


u.' 

(T 

< 

b 

tr. 


A 


sample  size  summary  is  applicable  to  figure  62 


***  SAMPLF  S  17.  F  SUMMARY  *** 


WING  6.  TP-H  1011.  OTA,  FXOTHFPM  2.  12  DFGPFF  CENTI GPAPF  PfSE/MIN 


EXOTHERM  2.  12  DEGREE  CENTIGRADE  RISE/MIN 


SAMPLF  SIZE  StIMMAPY  *** 


applicable  to  figure  63 


EXOTHERM  3,  12  OEGREE  CENTIGRROE  RISE/NIN 


***  SAWPLF  Sl/F  SUMMARY  **♦ 
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This  sample  size  summary  Is  applicable  to  figure  64 


STAGE  1  MING  6,  TP-H  1011.  OTA,  IGNITION  TEMPERATURE.  12  DEGREE  CENT.  RISE/NIN 
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